PURPOSE -The refractive index (RI) is a unique physical property of tissue. It changes in neoplastic and inflammatory condition of brain due to depletion of tissue glutathione concentration changing the electron density. The purpose of the study was to predict RI value of the brain lesions from the CT-MR fused images non invasively. MATERIALS AND METHODS -CT-MR fusion image was produced by combining CT and MR images by rigid registration technique to detect the pathology accurately. Independent component analysis determines the color value and gray value of the images of the tissue. These values were then used by Neural Network software to generate a color mapping of the CT-MR fusion image. Electron density derived from CT images and optical frequency from color image were used to determine RI value by applying Feynman's equation. RI value and glutathione levels of corresponding biopsy specimens were determined in the laboratory. RESULTS -.A colored CT-MR fusion image shows true color of the tissue. The RI values determined from images were in agreement with biopsy determined RI values. Values between 1.353 through 1.359 are benign and RI value above 1.412 were found malignant.CONCLUSION-Predicting RI value using colored CT-MR fused images will increase diagnostic accuracy.
INTRODUCTION
Accurate diagnosis of tumors and other brain lesions can not be done by conventional MR imaging alone. Even other additive MR tools such as spectroscopy (MRS) and diffusion weighted imaging (DWI) sometimes fail to differentiate between tumor and a pseudo tumoral lesions like tumefactive multiple sclerosis (1) . In some cases lymphoma and metastasis are difficult to discriminate by MR Spectroscopy also (2) . This study aims to evaluate the potential usefulness and the added value that RI value could provide to this discrimination.
The refractive index is one of the important physical parameters in biomedical diagnostics. Using a rigid registration technique, CT and MRI images can be fused together to generate one CT-MR fused image, which can be colorized by Neural network software to generate true-color CT-MR fused image of the brain, thus highlighting pathology. RI value can be predicted from (i) the electron density of CT images and (ii) the optical frequencies of the color of the lesion and normal brain tissues. The in situ RI value of naturally colored tissue in vivo and in vitro can serve as an important indicator of tissue state. We describe a novel approach to predict RI from CT-MR fused images by applying Feynman's equation described in the Physics basis of RI.
BIOLOGICAL BASIS OF THE REFRACTIVE INDEX
RI is dependent on the interaction between electromagnetic waves and tissue. The scattering properties, color and image quality depend on the differences in RI among the components of the tissue (3) . In disease states, such as neoplasm or inflammation, color of tissue changes due to the change in RI, which in turn is related to the dielectric constant (ɛ r ) or relative permittivity of the tissue (4) . The dielectric constant changes as a result of changes in electron density of the tissue. The electron density of the tissue changes due to the derangement of the electron transport system of the inner mitochondrial membrane (5) . Several
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studies have demonstrated that cells exposed to hypoxic conditions (1.5% O 2 ) produce increased levels of reactive O 2 species (ROS) derived from the mitochondrial electron transport chain (mt ROS). The generation of mt ROS under hypoxia is likely to alter intracellular redox status and glutathione (GSH) levels (6) .
The role of oxidative stress in the genesis of various types of tumors, particularly in malignancy, is well-established. Several chemical, cell culture, and animal studies indicate that antioxidants such as GSH may slow or even prevent the development of malignant tumors (7) . The brain is considered abnormally sensitive to oxidative damage, since brain tissue has a high rate of oxygen consumption, high lipid content, and relatively low antioxidant defense, compared to other tissues. GSH is a tripeptide (L glutamyl Lcysteinyl glycine) and a potent antioxidant (8) . Seleniumdependent glutathione peroxidase (GPx) plays a protective role in oxidative stress-induced apoptosis.
Particularly with the help of menadione (VitK3), it is believed that GPx activates the electron transport system and increases intracellular superoxide radicals (9) . In the white matter of normal brain tissue, the GSH content is 1.2+0.15 mM (910)). An increase in GSH levels is found in meningioma (1.5 to 3mM) (11) . However diminished amounts of GSH are found in gliomas and astrocytomas (0.78 to 1 mM). It is found the degree of malignancy is inversely proportional to GSH levels. GSH is important in maintaining a normal value of RI, as shown in the lens of the eye (12) . Normal RI value of gray matter is 1.395 and that of white matter is 1.412 (13) . In our study we have found that tissues whose RI value deviated from the above normal values were found to be abnormal. Thus, in vivo measurements of the RI of a brain lesion may replace the hazards of stereotactic biopsy.
RI is related to the dielectric constant of tissue, which in turn depends upon electron density (ED) of the tissue and wavelength or optical frequency (f) of its color (14) . We have developed a novel, noninvasive in vivo technique to determine in human the RI value of gray matter, white matter, brain tumors, and other brain lesions from colored CT-MR fusion images. Using image registration and histogram-matching techniques, computer-generated color images can be produced from the MRI (15) . MR images are superior to CT images in showing anatomical features, while CT provides important information about the electron density of the tissue. CT Number is also incorporated in the calculation of CT-MR fusion image pixel by registration technique. The incorporation of data of multiple image modalities offers the potential to improve diagnosis. This multi-parametric approach is explained in the image processing section.
PHYSICS OF THE REFRACTIVE INDEX
According to Richard Feynman (16) , RI can be calculated using the following equation:
Where, The altered RI value of a tumor or lesion can be mathematically predicted from different datasets, such as the electron density of the lesion, derived from the CT Number of the image pixel, and optical frequency, determined by the color of the lesion. From the predicted RI value, the dielectric constant of the tissue (ɛ r ) can also be calculated, which is the square of RI value (ɛ r =RI 2 )
Relationship of refractive index to mass density of tissue (RI-density relationship) and consistency of the tissue are
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also important. Combined empirical and laboratory analyses show that a denser material (tissue) generally tends to have a larger RI because the applied electric field induces a greater number of electric dipoles, and that the RI-density relationship can be described reasonably well by the Lorentz-Lorenz relation (17) .
MATERIALS AND METHOD
CT and MR imaging data were collected from normal brain as well as from the pathological cases. After obtaining proper institutional ethics, 81 normal control cases and 32 pathological cases were studied. Pathological cases included low grade glioma, pilocytic astrocytoma, glioblastoma, low grade oligodendroglioma (gradeII) , solid brain abscess, tumefactive multiple sclerosis, lymphoma, metastasis from breast and lung cancer and post fossa lesions, such as medulloblastoma (Table1).
Figure 2
TABLE-1.Type and Number of Pathological Cases
Each patient underwent CT scan and MRI. Single voxel MR Spectroscopy of ipsilateral and contralateral side was performed especially on patients with brain lesions to know the underlying pathology.. Biopsy specimens of the postsurgical patients were sent for histopathology and for determination of RI by refractometer and ellipsometer.
DETERMINATION OF ELECTRON DENSITY FROM CT NUMBER
CT Number is the ratio of difference of linear attenuation coefficients of tissue (μs) and water (μw) to the linear attenuation coefficient of water multiplied by 1000; thus:
The linear attenuation coefficient of a material describes the fraction of a beam of x-rays or gamma rays that is absorbed or scattered per unit thickness of the material.
The linear attenuation coefficient depends on the photon energy, chemical composition and physical density of the material (18) .
The CT Numbers for normal brain tissue, as well as for various brain tumors and lesions, were determined in a conventional third generation CT scanner (Wipro-GE, India, Sytec 1800i). These CT Number values were compared with the gray value of the CT images, using a matrix size of 512 × 512, an in plane resolution of 0.5 mm, and a slice thickness of 5 mm. ED of normal and abnormal gray white matter were determined using standard mathematical expressions (19, 20) (20) and Watanabe (18) . ED of the tissue in question can be obtained by multiplying relative electron density by 3.340X10 23 cm -3 . (22, 23, 24, 25, 26, 27) that corresponds pathology of the tumor/mass anatomy in the colored CT and MR fusion image. This was also helpful to compare with the RI value determined from the image. We have avoided contrast study as contrast enhancement denotes abnormal blood brain barrier and the region of solid active tumor may not be enhanced. For MRSI the region of tissue studied was chosen to include most of the pathology, surrounding normal tissue avoiding bone and subcutaneous fat, and contra lateral tissue.
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IMAGE PROCESSING TECHNIQUE
FUSION OF CT AND MR IMAGES -IMAGE PROCESSING TECHNIQUE
The incorporation of multiple imaging modalities is an important method for diagnosing a pathology. The method used for co-registering of MR image and CT images, along with visualization of the multimodality data and colored image, is described here. Registration of the MR images and CT scan images was performed using an automated alignment by using an interactive registration tool (a homemade software) -Color Converter©-). Color Converter provided a Image registration command to geometrically transform or registers a stack of images of a CT scan (source image) against another image of an MR (target image) using six user-defined control points. These points were tip of the nose, occiput, right and left pina of ear, vertex and chin.
The registration of the source image the target image produced a new image, the CT-MR fusion image. Then the CT-MR fusion image was colorized (figure2) It is described in detail in the colorization section. In each case, the quality of final CT-M RI registration was demonstrated by a 99% volume overlap.
COLORIZATION OF MR IMAGE
Image colorization was described below. The positions, orientations and gray scale values(out of 256 shades) of T1weighted, inverse T2-weighted and FLAIR images as well as the digital images of the corresponding colored cross-section of brain were aligned using a rigid-body registration technique ( figure 2C ). Independent component analysis (ICA) basis was then applied to the registered MRI data sets of gray value of tissues as x 1, x 2 x 3 to obtain statistically independent components of corresponding color values , s 1, s 2 and s 3 ( figure 2A and B) (28) . This operation transformed the dataset of image pixel components (gray value) into color components (red, green, blue value) that characterized the physical features of gray and white matters, blood, CSF with their original color. Table 2 shows the gray value and corresponding color value of the tissue out of 256 shades 
TABLE-2.Gray and corresponding color values of various tissue determined by Independent Component Analysis
A radial basis function (RBF) network, a kind of neural
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network, was then used to generate the mapping function that produced correspondences between these independent components of gray value and the color components of the full color cross-section data ( figure 2E ). The training samples for the neural network were selected using the Kmean clustering algorithm (28) in the software Color Converter © .
Figure 6
In image analysis the purpose of the K-mean clustering algorithm was to classify the objects in data matrix based on some selected attributes. A color shade scale was applied which determines the wavelength in nanometers from the images and in turn optical frequency of the lesion was determined from the equation f = C/λ, where, C = velocity of light =3 × 10 10 cm, λ = wave length in cm.
DETERMINATION OF REFRACTIVE INDEX
The RI values of biopsy samples of gray matter, white matter and pathological tissue were (figure 3 F.G.H) independently determined using two methods: 1) by Abbe refractometer and 2) by ellipsometer. RI values of relatively thin tissues of 2 mm were determined by Abbe refractometer and thicker (>2mm) tissues were performed with the ellipsometer. 
DETERMINATION OF RI BY ELLIPSOMETER
For thicker biopsy material (more than 2mm) RI value and dielectric constant of thick tissue were determined with an ellipsometer, model Alpha-SE ® (USA). It consisted of a laser beam (a 632.8 nm helium/neon laser), a polarizer, and a quarter wave plate, in which the sample was kept. The instrument generated polarized light, which could be set to linearly polarized light to elliptically polarized light or circularly polarized light depending on the angle of the polarizer. The beam was reflected off the layer of interest of the sample and then detected for analysis.
The angle of the polarizer and analyzer were adjusted until a minimal signal was detected. This minimum detected signal was linearly polarized, while the analyzer was set so that
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only light with a polarization perpendicular to the incoming polarization was allowed to pass. The ellipsometer would then determine the dielectric constant and RI value of the biopsy material.
DETERMINATION OF GLUTATHIONE CONCENTRATION IN BIOPSY TISSUE
Identification of low concentration of GSH in 1 H MRS requires spectral editing techniques. Due to the difficulty in quantifying GSH by 1 HMRS, GSH was measured in the biopsy sample using the method of Sedlack and Lindsay (29) . Cell homogenates (1 × 10 6 cells) were prepared from samples of various biopsy materials using 0.15 M KCl and centrifuged at 10,000 rpm for 20 min at 4°C. Then 0.2 ml KCl and 4.8 ml EDTA (0.2M) were added to the mixture. The mixture was kept on ice for 10 minute. Deionised water and 1 ml of 5% trichloroacetic acid (TCA) were then added.
The mixture was again kept on ice for 10 minute and centrifuged at 3000 rpm for 15 minute. Two ml of supernatant solution was taken, and 4 ml of 0.4 M tris buffer (pH 8.9) was added. One ml of 0.01 M 5, 5-Dithio bis (2nitrobenzoic acid) (DTNB) solution was then added and solution vortexed thoroughly. Optical density (OD) was read (within 2 to 3 min after addition of DTNB) at 412 nm against a reagent blank.
GSH concentrations of samples were obtained by plotting OD values against a standard GSH curve (figure 4)
ESTIMATION OF TISSUE WATER CONTENT
Desiccation method was used for the estimation of water content of biopsy materials. In this method, the tissue samples were first weighed in a digital balance, then cut into small pieces and subsequently dried at 40°C to constant weight (Table3).
Concentration of water: Weight / Weight percent (w/w %)
was calculated as follows: 
DETERMINATION OF MASS (PHYSICAL) DENSITY
Physical density of the tissue in question was derived by measuring mass (m) and volume (v). With the help of a digital balance, the weight of the tissue specimen was determined by immersing the specimen into a water filled calibrated cylinder and noting the displaced volume. Mass density (ρ) was calculated as m/v.
RESULTS
ED values of the tissues were calculated from the CT Number-Relative electron density curve (Figure 1 ), while optical frequencies were determined (3.84 to 7.14Hz) from the scale of wave length matched with the color of the lesion in the image.
After the experimental determination of the RI value of gray / white matter (1.395/1.412) of the biopsy samples by ellipsometer and refractometer, resonant frequency of an electron (ɷ o ) bound in an atom of gray and white mater was calculated from Feynman's equation and found to be 3.74x10 16 Hz.
By using color shade wavelength scale (Figure3E), wave length of gray matter was found to be 761nm (brown color) which corresponds to an optical frequency f=0.0394X10 16 Hz and angular frequency of the electromagnetic wave, ɷ Normal GSH level in white matter was found to be 1.25 mM (Sedlack and Lindsay method). GSH level was low in low grade gliomas (0.9mM), markedly low in glioblastomas (0.78to 0.82 mM), minimum in metastasis (0.76 mM), and lymphoma(0.77mM). GSH was 0.92mM in oligodendroglioma, Results are summarized in Table 4 . 
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DISCUSSION
RI is a function of wavelength or frequency. If the electron density and optical frequency are known, RI can be predicted from the colored CT-MR fusion image by applying the Feynman's equation mentioned above. The predicted RI values from the images and the laboratory determined RI values were in agreement. Various aspects of the results will be discussed below.
Any deviation or shift of the RI value from the normal values of gray matter (1.395) or white matter (1.412) was found to be pathological. Prediction of RI value of gray and white matter from the colored images were in agreement with the RI value determined in the laboratory by Abbe refractormer and ellipsometer.
In various pathologies, normal brown color of gray matter and yellowish white color of white matters change to reddish to dark reddish color. RI values of various pathological tissue were also determined from wavelength, optical frequency, CT Number, relative electron density and ED.
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Brain lesions with an average RI value less than 1.395 ,multiple sclerosis (1.2849), or solid brain abscess near the wall (1.317 The relationship between predicted versus actual values of RI is shown in (figure 5) (r-0.05 and p>0.005).
Figure 11
A striking observation was the percentage of water content in a specimen and its relationship to RI value. Water content is 100% (w/w) at a RI of 1.333 (eg CSF). A linear relationship between RI value, water content and degree of malignancy had been found ( figure 6 ). The lower the water content, the greater is the degree of malignancy. Water content is as high as 98 to 99% (w/w) in benign condition such as low grade oligodendroglioma, MS, and meningioma (Table3).
Malignant tumors, like glioma, glioblastoma, and metastasis show a relative decrease in antioxidant GSH levels, compared to benign tumors like low grade oligodendogliomas and meningiomas. Comparison of histopathological sections of brain tumors also suggested an inverse relationship between GSH level and grades of malignancy. A marked decrease in antioxidant GSH levels may have a role in genesis of considerable oxidative stress in brain tumors. Furthermore, the degree of decline in GSH levels indicates severity of malignancy in brain tumors. However drug (chemotherapy such as BCNU, Cis platinum) resistance glioblastoma shows increased GSH which prevents cell apoptosis (10) .
In MR images, neither the gradation of the malignancy nor differentiation of tumor type can be made. Even MR spectroscopy can not distinctively discriminate between glioma tumefactive multiple sclerosis, as choline will be high and NAA will be low, resulting in a high Cho/NAA ratio. The Cho/NAA ratio also cannot differentiate between glioma and metastasis,as lactate and lipid peaks are not persistently present. RI value predicted from MR images after retrieval of true color, adds an important parameter to the accuracy of diagnosis.
In the conclusion, uniqueness of RI value to characterize tissue can be considered. It can be reliably predicted from computer-generated colored CT-MR fusion images, after applying rigid registration techniques, using electron density, and frequency of the color of the lesion. This noninvasive technique can be used prior to stereotactic biopsy, reducing risk and cost to the patient. This is a novel, noninvasive method utilizing neurophysics, neurochemistry, and neuroimaging for highly accurate diagnoses and is compatible with histopatholgy.
